Ying-Qiong Basin is a typical high-temperature and overpressure basin, which is the main battlefield of oil and gas exploration in South China Sea and has made great breakthroughs in recent years. During drilling process in high pressure, the relationship between the deep and the pressure is directly related to the drilling safety and costs. In order to improve prediction accuracy, the VSP operation is carried out through the midway, and three points have been obtained: 1) The VSP has a higher accuracy of the interface depth in certain depth range of the drill bit. 2) When the low-frequency trend prediction is accurate before the drill bit, interval velocity of the VSP inversion is consistent with the formation velocity. 3) The VSP pressure forecast is based on the inversion layer velocity and under-compaction pressure. If the velocity prediction is not accurate, the pressure forecast must be erroneous. If the pressure has other sources, the formation pressure is not accurate even if the inversion velocity is accurate. The application scope and exploration effect of midway VSP operation are summarized and applied to Ledong 10-1 block in Yinggehai basin, which realize the breakthrough in the field of high temperature overpressure and provide the basis for other similar exploration areas to do VSP operation.
Introduction
Ying-Qiong Cenozoic sedimentary basin is rapidly subsiding basins are charac-terized by abnormal high temperature and high pressure. Abnormal high pressure is mainly due to the late rapid subsidence and under-compaction mudstone formed by rapid deposition, which relies on steady subsidence and weak tectonic activity to maintain [1] [2] [3] [4] . The formation pressure structure directly affects the design of the drilling well structure and operation safety. Because of low drilling density and high drilling cost, prediction accuracy of pre-drilling time-depth relationship as well as formation pressure structure is not very high, so it is necessary to update in time by use of drilling data during drilling process.
Midway VSP is a more practical targeted technology in high temperature and high pressure field of South China Sea, which is frequently used and can be measured with high precision and without delaying drilling cycle during the intermittent drilling interval. We can achieve time-depth relationship prediction above the drill and velocity inversion and pressure prediction below drill bit within a certain range.
According to the midway VSP measurement and prediction, the deep relationship and wellbore structure will be adjusted to improve drilling safety and save drilling costs. Application scope and exploration effect of the midway VSP operation in high temperature and high pressure field in recent years are summarized in this paper, which can provide evidence for other similar exploration areas.
The Basic Principle and Method of Midway VSP
The midway VSP logging principle is the same as the conventional VSP logging, which is a seismic observation method stimulated at the ground (sea surface) and received in wells developed from seismic logging (Figure 1 ). Assuming that the distance from the wellbore of the midway VSP logging is L, the depth of the detector in the well is D, the depth of the air gun source is D1, and the initial take-off time of the detector is T, then the average of the overlying strata Velocity is, If the initial value is accurate, the average velocity calculation is also 
Practice and Cognition of Midway VSP in High Temperature and High Pressure Field
In recent years, great breakthroughs have taken placed in the high temperature and high pressure field of South China Sea with a number of large and medium gas fields and drilled high temperature and high pressure wells. In order to implement accurate time and depth relationship, forecast high pressure surface and optimize the drilling well structure design, advantages of midway VSP and the application scope are summed up as well as some technical limitations.
The Midway VSP Can Accurately Predict Time and Depth Relationship within a Certain Depth before the Drill Bit
With regard to the deepest point detector above the formation, midway VSP is used to calculate the average velocity and layer velocity directly for the depth of the detector and the first arrival time for the formation. The average velocity calculation formula has been already mentioned, the layer velocity is as long as the accurate first pick up can achieve high-precision of time and depth relationship. Second point is whether there is a special lithology and depth range below drill bit, as shown in Table 1 , 100 ms before drill bit, the error between predicted velocity and the true formation velocity are only ± 100 m/s, the interface depth prediction error will reach ± 15 m. 500 ms before drill bit, if the error is less than ± 100 m/s, the error of the interface depth will also reach ± 50 m, through the comparative analysis of errors, it is considered that the midway VSP depth prediction in a certain depth range before the drill bit is accurate.
The Accuracy of the Midway VSP Layer Inversion Depend on Low Frequency Velocity
The accuracy of the VSP layer velocity inversion is often determined by the low-frequency component, and the low-frequency component compensation is required due to the fact that the actual subsurface velocity cannot be obtained below the bit. The main purpose of the VSP velocity inversion is to predict the layer velocity of the strata below the depth of drill bit. Therefore, the low frequency constraint must not only for already drilling segment, but predict the "low tide" trend formation below the bit. Through many studies and applications, you can use the following methods to obtain the required low-frequency components.
Seismic Velocity Spectrum Data Method
The seismic velocity spectrum is the superposition velocity of the seismic scale obtained by velocity analysis in seismic data processing. For horizontal layered media, the stacking velocity is equal to the root mean square velocity [10] [11]
[12] [13] . Therefore, the layer velocity can be further converted by the Dix formula by the root mean square velocity. The depth of conventional seismic exploration acquisition will be far greater than the mid-way VSP measurement depth, and the velocity spectrum can provide a relatively complete low-frequency trend that contains the drilled well and the segment to be drilled. But in the application, by contrast with the velocity curve with measured VSP, only with a better match can be applied to the final inversion.
Acoustic Logging Filtering Method
The extraction of the low frequency trend velocity is carried out by low-pass filtering of the logging acoustic velocity curve (Figure 2 ). Through the practical application, it is found that the low frequency filter (3 HZ) is used to extract the low frequency component of the acoustic velocity. The extraction result has a good matching relationship with the measured VSP velocity. However, since the logging data range is also controlled by the drilling depth, the low frequency component obtained by this method can only provide the low frequency data of the measured section, it's better to be used in VSP velocity inversion with other methods.
Primitive Extrapolation Method
According to the measured VSP data, the corresponding time-depth relationship can be obtained. If the stratum is stable, time-depth relationship is relatively sta- The midway VSP operation is carried out in the drill bit of YCA well ( Figure   4 ), layer velocity inversion using the logging section of the time-depth relationship fitting extrapolation method to predict the low frequency trend, but owing to special lithology before the drill bit (normal compaction of mudstone and Ansan basalts), the real formation velocity is obviously higher than the predicted low frequency trend. Therefore, the VSP inversion velocity has lower accuracy, layer velocity and its trend are different from the measured velocity.
The Accuracy of the Midway VSP Pore Pressure Prediction Depends on the Layer Velocity Inversion
In order to determine the well structure as well as the mud system and improve drilling safety, midway VSP operation is needed in the high temperature and high pressure well to predict a certain depth of the bit through the inversion of the layer velocity. Layer velocity is the main parameter used for pre-drilling pressure prediction and pressure calculations while-drilling and post-drilling [14] [15]. In the normally compacted strata, the layer velocity increases with (Figure 4 ). When the low frequency trend selection is reasonable, it can realize the higher accuracy of the layer velocity prediction, and under the premise of the abnormal pressure of under-compaction with no pressure transmission, the prediction pressure interface and the trend are both accurate, which can achieve high precision pressure prediction (Table 2) .
However, when the anomalous pressure is due to the existence of pressure transfer ( Figure 5 ), the layer velocity information cannot fully characterize layer pressure changes, formation pressure accuracy through VSP inversion is low, which can only reflect pressure trend of mudstone background but not the target layer pressure [16] [17] [18] .
Conclusion
The midway VSP operation is becoming more and more important in the high temperature and high pressure field. Through the exploration research in recent years, the application scope and application effect of the midway VSP are summarized. When the large strata above the critical interface has no obvious signs or special geological purposes need to accurately implement the casing structure, the midway VSP below drill bit has higher accuracy. When there is no special lithology before the drill bit, layer velocity by density inversion is consistent with formation velocity with accurate velocity interface. When there is special lithology before the drill bit, the VSP inversion velocity is low, and the velocity and variation trend of the VSP inversion are different from the measured velocity. The pressure prediction is based on the layer velocity and under-compaction, if layer velocity prediction is not accurate, the pressure prediction must be erroneous. In the field of high temperature and overpressure in the South China Sea, owing to the high risk of drilling as well as the high precision of time-depth relationship and pressure prediction, it is necessary to strengthen
